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The next four charts provide CFD's for PROBCLEAR and the fifth displays mean and standard deviation 
values for these distributions. PROBCLEAR (as used here) is an estimate of the expected value· of full 
sky clearness (1 - cloud cover), based on a weighted average of those cases when clearness exceeded a 
60% threshold. These data help support the assumption of 80% cloud-free take when a 60% threshold is 
used. The relationship between full sky clearness and fraction of cloud free imagery is covered in a sub­
sequent chart which indicates that only 70% clearness is generally required to obtain 80% cloud free imagery. 

It should also be noted that the imagery from 60 day missions will often be more cloud free than that for 
20 day missions but that this difference is much less than the point-to-point and quarter-to-quarter 
variations. 
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TYPICAL BIAS FOR ESTIMATION OF CLOUD-FREE TAKE 

It is well known that the fraction of cloud free imagery (looking down) is generally greater than the com- . 
plement (l-N) of cloud cover (looking up). This "bias" is produced largely because downward viewing 
is within perhaps +450 of nadir while cloud cover is defined· as the average over the entire sky. The 
magnitude of this effect is a function of the type and vertical distribution of clouds; and various methods 
have been used to estimate its impact for operational systems, e. g .• the "Kennedy correction" for area 
search systems. Such sophistication is not needed for the current study. ,It is sufficient here to show 
the general magnitude of the look-down vs look-up variation to further support the assumption that a 
single image taken with a clearness threshold of 60% can be expected to meet the 80% take requirement for 
the area covered. 

This chart shows the result of estimating the subject bias based on 3 flights of a narrow field-of-view 
satellite system. It indicates that on the average, 80% of the surface can be viewed when the weather 
category (full sky clearness) is about 70%. This 70% value is almost always exceeded when the threshold 
is 60% as shown on the previous four charts showing PROBCLEARdistributions. 
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TYPICAL BIAS FOR ESTIMATION OF CLOUD-FREE TAKE 

(BASED ON RESULTS FOR NARROW FOV SYSTEM) 
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A factor not incorporated in the Volume I quantity performance analysis was the effect of weather 
prediction accuracy. This chart provides the following input data relating to this problem as 
provided by the Air Weather Service: 

1. A typical "Pre-Ver" matrix derived from the results of Hexagon 
mission #14. 

2. A typical weather distribution for a dense target -area, to be used 
with the matrix to estimate the magnitude of the impact of weather 
prediction errors on performance analysis. 

The matrix is the "pre for all ver" type; that is it provides the cumulative frequency distri­
bution of prediction category (pre) for each category of verified weather (ver). The weather 
categories in each case are "one minus N" weather or the complement of cloud cover. Pre­
dicted weather is that used for targeting while verified' is that used post-pass to determine 
whether each area imaged can be considered covered (so that it can be dropped from con­
sideration of repeated targeting). 

To determine the percentage of time in various areas of "pre-ver" space (see next chart), it is 
necessary to consider the percentage of time that each of the ver categories occurs. A typical 
distribution of weather for one of the points used in the Volume I analysis is shown at the 
right. The month of April in Moscow was chosen for the example since its PROBLOOK value 
(60% threshold) is 0.22 (22%), near the middle of the range of typical dense area weather (about 
O. 15 to G. 25) • 
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TYPICAL IMPACT OF TARGETING THRESHOLD ON ACCESS AND WASTAGE 

The percentages on this chart show the distributions of the relationship between predicted (Pre) and verified 

(Vcr) weather data for the typical case identified on the previous chart. In all cases shown, a 60% level is 

considered for ver, since the Volume I analysis considered imagery to be successful when taken above this 

threshold, It can be seen that if the targeting (Pre) threshold were set at 60%, fully successful 

imagery would have resulted only 10,3% of the time rather than the 22% possible. Thus, the curves of P(d) in 

Volume I should be entered with a value of less than half the total access opportunities. The 7.1% value at the 

upper right of this pattern is indicative of film wastage (i.e., cloudy imagery). 

Lowering the targeting threshold from 60'. to 40% produces the pattern on the left. The main message here is 

that by lowering the threshold by 1/3 the percentag'e of successful opportunities (D) increases by about 10% 

but film wastage (B) increases by nearly 100%. Thus to increase the number of access opportunities by 10% 

one must be prepared to waste twice as much film. 

~Joving the targeting threshold to relatively lower values would, nevertheless be appropriate for pallet missions 

due to their short mission life and relatively low penalty for extra film supply. 

The overall impact of prediction errors on the Volume I analysis is that the performance probabilities (proba­

bility of at least one look) are quite optimistic in absolute value. However, the main thrust of the study was 

to compare various systems which are all subject to the same weather prediction inaccuracies. Thus the com­

parative evaluation can be considered valid and the study conclusions would not be changed by a more sophis­

ticated analysis which included the effects of weather predktion errors. 
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IMPACT O,F TARGETING THRESHOLD ON ,-ACCESS AND WASTAGE-
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Contrast and Smear are the dominant factors which determine the performance of a given optical 
system. Image quality deteriorates with low sun angles not only because of higher smear due to 
longer integration (exposure) times but also because of reduction of contrast. Contrast is a func­
tion of weather conditions, illumination geometry and viewing geometry . Long slant paths for both 
illumination and viewing increase haze and reduce transmission. Consequently, obliquities 
(scanning angles) greater than 40 to 45° are not productive. 

There has been a community practice to evaluate prospective optical systems for representative 
conditions such as 600 foot-Iamberts ( 3{)0 sun angle) and 2: 1 contrast. This practice is often 
adequate for the purpose of sizing aperture and focal length of a candidate system. However, 
a realistic evaluation of system performance requires a sophisticated haze and transmission model 
as well as a smear model. Recent operational experience has shown that a sample of standard 
CORN targets having 7 and 33 percent reflectance (4.75: 1) have an apparent (entrance pupil) 
contrast of.2: 1 for sun angles of 5g to 55°, while contrasts in the r.ange of 1. 2 : 1 to 1. 4: l occur 
for sun angles from 5 to 20°. Since pallet operations from ETR .will experience a regime of low sun 
angles especially on missions of 3 weeks or longer duration, contrast, attenuation, and smear are 
important consi<ieratiQns for the SCS concept. 

Estimates 'of the range of NIlRS ratings indicated in Volume I are approximate. The NIIRS rating 
. corresponding to a given GRD depends on subjective factors including such things as familiarity 

with the target. Thus, an old well known target for which periodic surveillance is maintained 
will have a higher score than a new target from an unfamiliar cultural environment. There have 
been many attempts to correlate NIlRS and GRD according to a model: NIlRS· = A + B in(GRD). 
The range of the coefficients, A and B suggest ,the risk of that approach. Recently a more elegant 
probability model has been proposed. This model requires a triplet of coefficients which reflect 
variations of target type and optical system., etc. It is not clear that this more sophisticated ap­
proach can be extrapolated for application to new systems. Consequently, NllRS predictions re­
main an undertaking involving considerable uncertainty. 
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INTRODUCTION 

This appendix provides: 
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1. A brief discussion of considerations applicable to the evahlation 

of SCS image quality performance. 

2. . A descrip,tion of the method used in the SCS study for computation 

of the probability of at least one look, P (~ 1) , the principal measure 

of quantity, performance used in the study. 

3. A set of P (? 1) results not prese~ted in Volume I because it 

did not contribute directly to major study conclusions. 
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COMPUTATION OF "PROBABILITY OF AT LEAST ONE LOOK" 

The probability of at least one look. P (~ 1). is defined in this study as: the probability of having 
at least one opportunity to image all portions of a 250 nm east-west strip in a dense target area at 
times when the weather in each portion (taken as a 50 nm by 50 nm square) was ~ 60% cloud free. 
The justification for using this measure of quantity performance is provided in Volume I. The 
chart here provides greater detail on the method used to compute P (~ 1) . 

The input weather data for a given region. as indicated on the chart. consists of 32 probability values. 
which make up the. weather pattern probability vector, WPPV. When the imaging swath is ,~ 250 nm. 
the WPPV is the top row of the pass transition matrix" PTM, since it defines success probabilities 
after the first pass (access opportunity). When the imagiFlg. swath is < 250 nm, the WPPV must be 
screened by multiplication with a imaging limit screening matrix to become the top row of the PTM. 

To understand the summing process used to obtain the other elements of the PTM. :it is necessary 
to consider its use by , first. defining the success probability vector, Spy (see lower left box). This 
vector is to be multiplied by the PTM for each pass to 'obtain a new Spy after the pass. Each ele­
ment of the PTM. P .. , must convert the probability for success in the i th pattern before the pass 
to probability of suHcess in the' j th pattern after the pass. It is, then, as stated on the chart, 
the conditional probability associated with this transition. Its value is computed by adding the 
probabilities for the various weather patterns (mutually exclusive events) which will allow this 
transtion to occur; that is. each term of the PTM is a sum of the appropriate probabilities in the 
top row of the matrix. 

To obtain the total probability of success in the j th pattern after the pass. probabilities for the 
various ways of obtaining that result must be summed: 

= 

This equation is. of course. im'plicit in the definition of the matrix multiplication identified in the 
next to the bottom box on the right. 
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COMPUT AT ION OF IIPROBAB I LlTY OF AT LEAST ONE LOOK II (CONT.) 

After N passes, P (~ 1) is the right hand element of the SPV, the probability that all five areas 
areas can have been imaged at least once. It has been found helpful in understanding this 
process to carry out numerical examples with 2 or 3 elements (boxes in the strip) rather than 5, 
that is, involving 4 x 4 or 8 x 8 elements in the PTM. 

SECRET/I0418/HEXAGON 
A-84 

Approved for Release: 2017/02/08 C05094783 

I 
I 
I, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
)1 
I ' 

, 

Approved for Release: 2017/02/08 C05094783 

SECRET/I0418/HEXAGON BIF003W/2-165321-79 
REV A 

COMPUTATION OF uPROBABltlTY OF ,AI LEAST,ONE LOOK" 
h §!MW§**¥ ptA * * IF r e !MM 

WEATHER STATISTICS IMAGING SWATH (IF LESS THAN 250 NM) 

• 250 NM EAST-WEST STRIPS .' , 

8 BASED OF FOUR DENSE TARGET REGIONS 

• FOR EACH AREA, EACH MONTH: IMAGING LIMIT SCREENING MATRIX 

PROBABILITIES (FREQUENCY. .ili--r TOP ROW OF 

32 
DATA) OF ~60% CLOUD FREE SUMMING TO PROBABILITY IN EACH OF 32 PATTERNS (5 [PTMll- OBTAI N OTHER. VALUES 
GRID POINTS AT 50 NM ELEMENTS .- SPACING) 

WEATHER PATTERN PROBABILITY VECTOR r l- I PASS TRANSITION MATRIX' 
I " 

[PTM] I 

32 x 32 MATR IX (1024 ELEMENTS); EACH ELEMENT, 
PU' IS CONDITIONA~ PROBABILITY THAT, GIVEN 

, . 

S CCESS PATTERN iAFTER N-l PASSES, . 
SUCCESS PROBABILITY VECTOR AFTER N SUCCESS PAT'TERN j WILL OCCUR _AFTER THE 
PASSES [SPV]N PROBABILITY VALUES FOR 32 NTH PASS. 
SUCCESS PATTERNS: 

1 [Ps(OOOOO)' P
S

(OOOOl) •.• PS(11111)]N' 
[SPVl

N
_

l x [P™1 N = [SPV]N EXAMPLE: --

, Ps (00001) = PROBABILITY OF HAVING HAD REPEATED, APPLICATION 
IMAGING OPPORTUNITY FOR EASTERN GRID 1 POINT AT LEAST ONCE WITH ~60% CLOUD FREE 
WEATHER AND NOT SO FOR ALL OTHER GRID PN (~1) . = P

S
(11111) = RIGHT HAND ELEMENT 

POINTS. 
OF [SPV] N 

[SPV]o (BEFORE 1ST PASS) = [1,0,0, ... 0] = "PROBABILITY OF AT ,LEAST ONE 
, . ." 

LOOK AT ALL 'PORTIONS OF 250 NM NOTE: N = "NUMBER OF PASSES" OR, MORE 
SPECIFICALLY, NUMBER OF ACCESS . ,WIDE STRIP" 
OPPORTUNITIES. 

SECRET/I0418/HEXAGON 
, 4._ar:. 

Approved for Release: 2017/02/08 C05094783 

£I 



Approved for Release: 2017/02/08 C05094783 

SECRET/1.0418/HEXAGON 

PROBABILITY OF AT LEAST ONE LOO"K 
IN GOOD WEATHER MONTHS 

BIF003W /2-165321-79 
REV A 

This chart presents a set of results which was not provided in Volume I since it did not 
contribute directly to study conclusions. It. however. helps confirm the conclusion that 
using a system with limited imaging swath has a severe effect on quantity performance. 

It shows this to be true unless. with 1'5 to 20 accesses. the weather is considerably 
better than average in the dense target areas studied. Some data from these curves 
was also used in computation of P (~ 1) for representative W,eather by s"eason. pre-
sented in Volume I. " 
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PROBABiliTY OF AT LEAST ONE LOOK 
IN GOOD WEATHER MONTHS,' 

NOVEMBER, SOUTHERN CHINA 
(2S0N, 1100E) 

P
L 

= 0.287 (+1. 3a), STRONG COR 

FULL COR (REF) 

~' 

" ~IMAGING SWATH 

+ 

4 8 n 16 20 24 28 32 36 40 

ACCESS OPPORTUNITIES 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

MAY, WESTERN USSR 
(SO. SON, 40.s0E) 

PL = 0.379 (+0.7!T), MED WEAK COR 

FULL CORR (REF) 

IMAGING SWATH 

4' 8 12 16 20 24 28 32 36 40, 

. ACCESS OPPORTUNITIES 
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